[ research report ] P revalence of chronic neck pain (CNP) in the general population ranges from 10% to 21%. 5, 29, 36 In the large majority of cases, it is not possible to determine the underlying cause of neck pain or the structure affected. Hence, it is labeled as nonspecific or mechanical. 4 Disability has been defined as an umbrella term for impairments, activity limitations, and participation restrictions in a biopsychosocial model. 45, 57 Disability can be assessed clinically (by experts, using history and physical examination), by performance-based functional testing (functional capacity evaluation), by patient self-report (disability and pain questionnaires), or by a combination of these methods. 7, 10, 31 Each method of assessing disability deals with a different perspective and probably a different aspect of disability. 7 A physical examination that includes the assessment of cervical mobility, pain provocation with cervical movements, 10, 21 and behavioral signs 27, 31 provides relevant information about a patient's clinical status. On average, little to fair associations have been reported between physical impairment, behavioral signs, and self-reported disability and pain. 2, 9, 19, 34, 41, 48, 52, 58 However, at the level of the individual patient, clinical practice mostly targets the problem areas identified during a clinical status assessment. Therefore, it is critical to establish the reliability and validity of this assessment.
Physical dysfunction severity (PDS) has been used to evaluate physical impairment and to determine treatment efficacy in controlled trials of primary care for patients with neck 21, 25 and back
T T STUDY DESIGN:
Repeated-measurement design.
T T OBJECTIVES:
To explore interobserver reliability of the modified physical dysfunction severity (mPDS) as a measure for impairment of the cervical spine and the modified cervical nonorganic signs (mcNOS) as a measure for behavioral signs, and to explore construct validity of the mPDS and mcNOS.
T T BACKGROUND:
The PDS has been used for evaluation of treatment efficacy in controlled trials in primary care. The cervical nonorganic signs were developed to assess illness behavior in patients with neck pain.
T T METHODS: Two observers independently
assessed the mPDS and mcNOS in 51 patients with chronic neck pain in an outpatient tertiary rehabilitation setting, with a 3-week interval between assessments. Interobserver reliability for total scores of the mPDS and mcNOS was expressed as an intraclass correlation coefficient. Interobserver agreement for individual mcNOS tests was calculated as absolute agreement and Cohen kappa. Construct validity was expressed as Spearman correlation between the mPDS and mcNOS with the Neck Pain and Disability Scale and numeric pain rating scale for pain.
T T RESULTS:
The interobserver reliability of the mPDS and mcNOS had intraclass correlation coefficients of 0.72 and 0.78, respectively. Agreement for individual mcNOS tests ranged from 63% to 88%, and kappa values ranged from 0.14 to 0.54. Correlation with the Neck Pain and Disability Scale was 0.26 for the mPDS and 0.49 for the mcNOS, and the correlation with the numeric pain rating scale was 0.32 for the mPDS and 0.37 for the mcNOS. pain. 25 The PDS is rated by the examiner on a numeric 11-point scale ranging from 0 (not severe) to 10 (extremely severe), based on systematic assessment of cervical mobility, palpation, and neck pain reported by the patient. 21 The PDS and perceived recovery have been found to be more sensitive for measuring change in patient status than self-reported neck pain-related disability or neck pain intensity. 21 The PDS is a relatively simple instrument easily incorporated into daily practice, but its clinimetric properties are still unknown.
T T CONCLUSION:
Another component of the physical examination of patients with neck or back pain used by some clinicians is the evaluation of nonorganic signs (NOS). NOS were developed in 1980 51 as a screening tool for patients with chronic back pain to help identify patients who require more detailed psychosocial assessment. Although a reappraisal of the interpretation of NOS 28 led to these signs being redefined as "behavioral signs," the confusing term nonorganic signs has persisted. 1, 2, 15 Behavioral signs are described as responses to physical examination caused by fear in the context of recovery from injury and the development of chronic incapacity. 28 In a structured evidencebased review by Fishbain et al, 15 it was disputed that NOS could discriminate organic from nonorganic problems, as NOS are an organic phenomenon. Main and Waddell, 28 however, reported that most patients have both a physical problem and varying degrees of behavioral signs, and that isolated behavioral signs should not be overinterpreted. These behavioral signs were distinguishable from the standard physical findings of nonspecific and specific lumbar spine disorders. 51 Fishbain et al 15 also reported inconsistent evidence that NOS can be assessed reliably and that NOS do not correlate with psychological distress. A recent study, 1 however, reported moderate interobserver and good intraobserver reliability of NOS in patients with chronic low back pain in an outpatient rehabilitation center. Moreover, the NOS score has been found to be positively associated at a small to fair magnitude with pain intensity, limited low back mobility, sick leave, and higher scores for depression, psychological distress, and psychopathology. 2 In 2000, a standardized set of cervical NOS (cNOS) was developed as a tool to assess illness behavior in patients with neck pain. 42 Based on the lumbar NOS, physical examination tests of cNOS were classified into 5 categories. Tests in the categories of tenderness, regional disturbances, and overreaction were extrapolated to the cervical spine. 42, 51 Two additional tests for cNOS were specifically developed in the categories simulation and distraction. 42 Kappa values of interobserver agreement for the individual cNOS tests range from 0.08 to 1.00, 42 but prevalence of positive tests and interobserver reliability for total scores of cNOS have not been reported. Other investigators have found that cNOS are associated with prolonged disability 27 and workers' compensation status. 18 The primary aim of this study was to explore interobserver reliability of the modified PDS (mPDS) and modified cNOS (mcNOS) in patients with CNP in an outpatient tertiary rehabilitation setting. The secondary aim was to explore construct validity of the mPDS and mcNOS by testing 5 a priori hypotheses about the expected relationships of mPDS and mcNOS scores with self-reported disability assessed with the Neck Pain and Disability Scale (NPAD) 6, 23, 53, 56 and pain intensity assessed with the numeric pain rating scale (NPRS). 11, 38, 55 Hypotheses were formed based on previous studies in this area (hypotheses 1-4, TABLE 1). We expected positive associations of small to fair magnitude between mPDS scores and NPAD and NPRS scores. 9, 19, 41, 58 We expected positive associations of fair magnitude between mcNOS scores and NPAD 34, 48, 52 and NPRS scores. 2, 34, 48, 52 We expected the association between the mcNOS and NPAD to be stronger than the association between the mPDS and NPAD. 9, 19, 34, 41, 48, 52, 58 
METHODS
Study Sample P atients with CNP were recruited from a center for rehabilitation in the Netherlands, after referral by general practitioners or medical specialists. Inclusion criteria for the study were nonspecific CNP (greater than 3 months' duration), being admitted for outpatient rehabilitation, an age of 18 to 65 years, being out of work less than 2 years due to CNP or still at work with frequent sick leave due to neck pain (on average, greater than 5% in the last 2 years), and sufficient knowledge of the Dutch language to complete questionnaires. Exclusion criteria were neck surgery, comorbidity with diminishing physical capacity, comorbidity with severe negative consequences for physical and/or mental functioning (eg, psychiatric disease), pregnancy, and drug addiction. A sample size of at least 50 patients was considered adequate for the assessment of reliability and construct validity. 46 Allowing for an attrition rate of 1 in 6, we aimed to recruit 60 patients.
Procedures
Prior to the first visit, participants filled out a questionnaire assessing personal and clinical characteristics. During the first visit, a clinical observation was performed by an experienced clinician, including assessment of the NPRS, mPDS, and mcNOS. Immediately afterward, patients filled out the NPAD. As part of usual care, a second visit was scheduled for 1 to 5 weeks later, depending on the patient's availability, but prior to the start of the rehabilitation program. During this visit, a second experienced examiner repeated mPDS and mcNOS assessment and performed a neck functional capacity evaluation. 40 The second examiner and patients were blinded to results of the first examination. All patients signed informed consent forms for their data to be used for research. Data were gathered as part of usual care between November 2006 and May 2009, and therefore ethics committee approval was not required because there was no deviation from usual care.
Measurements
Modified PDS We modified the original PDS because we wanted to separately analyze the pain reported by the patient during active cervical movement (subscale 1) from the estimated limitation of passive cervical range of movement (ROM) noted by the examiner (subscale 2). Because reduced mobility of the shoulder girdle may result from a dysfunction of the cervicothoracic spine, 33, 43 we also assessed limitation in passive shoulder flexion ROM (subscale 3). During the examination, patients were sitting on a chair or examination table.
For the assessment of subscale 1, patients were asked to move their head and neck as far as possible in various directions while avoiding compensatory spinal movements and to report the presence of pain (yes or no) during the movement. The directions included flexion, extension, lateral flexion to the left and right, and rotation to the left and right. Subscale 1 ranged from 0 (all neck movements without pain) to 6 (all neck movements with pain).
For the assessment of subscale 2, patients were asked to perform active movements of the cervical spine while the examiner gently applied pressure to guide the movement to the end of ROM. Movements included flexion, extension, lateral flexion to the left and right, and rotation to the left and right. The examiner assessed the movements visually and labeled them as not limited, 0; slightly limited, 1 (5%-24%); moderately limited, 2 (25%-49%); or severely limited, 3 (50% or greater). Previously published normative values of the age group 20 to 30 years (flexion, 60°-70°; extension, 60°-70°; lateral flexion, 40°-45°; and rotation, 80°-90°) were used as gold standards for all subjects in the study to estimate relative limitations in cervical ROM. 8, 14, 26, 30 Subscale 2 ranged from 0 (all neck movements without limitation) to 18 (all neck movements with severe limitation).
For the assessment of subscale 3, patients were asked to perform active shoulder flexion while the examiner gently applied pressure to guide the movement to the end of ROM. The examiner assessed the movements visually and, as in subscale 2, labeled them as not limited, 0; slightly limited, 1; moderately limited, 2; or severely limited, 3. A reference value of 170° to 180° was used for passive shoulder flexion. 35 Subscale 3 ranged from 0 (both shoulders without limitation) to 6 (both shoulders with severe limitation). The total score of the mPDS ranged from 0 (no dysfunction) to 30 (extremely severe dysfunction). Criteria for scoring the mPDS are described in APPENDIX A. Modified cNOS In the present study, we used a standardized set of 13 physical examination tests that were classified into 5 categories. The set included the categories of tenderness, regional disturbances, and overreaction from the original lumbar NOS and cNOS. 42, 51 However, the cNOS was modified in the categories simulation and distraction. In the original cNOS simulation category, "standing rotation of head/shoulders/ trunk/pelvic as one unit over the pelvis by the examiner" was used as a simulation test. However, others have suggested that this test is inadequate because it simulates low back rotation. 49, 51 In a true simulation test, the patient should believe that the neck area is being tested, while in reality it is not. 51 Additionally, in the distraction category of the original cNOS, the cervical rotation test was used. The criterion for a positive behavioral sign in the cervical rotation test is less than 50% of normal maximal active rotation in each direction while seated. In our opinion, the original cervical rotation test is an inadequate distraction test. As in the lumbar NOS distraction test (ie, straight leg raise in supine versus flip test in sitting), the observations during the routine assessment should be checked for inconsistencies during another test situation. 51 For these reasons, we developed new tests in the categories of simulation and distraction. In the new simulation rotation test, the patient sits with hands folded behind the neck and elbows in front, almost together. The examiner rotates the patient's trunk to the right and left using the patient's shoulders, such that the patient perceives rotation of the head while not actually moving the neck. The new test may have greater relevance as a simulation test because (1) the hands of the patient are on the painful neck region, (2) the head of the patient undergoes apparent rotation, and (3) the examiner focuses on the neck region by asking about neck pain. In the new simu-lation axial loading test, the patient is sitting and the examiner manually applies a few pounds of pressure on the shoulders of the patient. This test is comparable to the axial loading test of the NOS.
For the distraction category, because extension and rotations are the most frequently reported cervical mobility limitations, 26 we designed new extension and rotation distraction tests. In the new cervical extension distraction test, the patient lies prone, supported on flexed elbows, and is asked to look forward to a point high on the wall. In this test, when a maximal extension of the neck is reached, the patient's consistency of presentation can be determined through comparison of the results of this test to the cervical ROM observed during seated maximal active extension. In the new cervical rotation distraction test, the patient lies prone with the head rotated to one side and the ipsilateral arm in the position of 90° of shoulder abduction. The patient is asked to move the extended arm into a more horizontal abduction (in the transverse plane), while following the arm with the eyes. During this functional test, the neck will be rotated maximally. This finding can be checked for consistency against cervical ROM observed during routine physical examination. A positive distraction test occurs when a remarkable limitation of the seated, maximal, active extension or rotation is demonstrated during physical examination but when full cervical extension or rotation is demonstrated during the distraction test.
The total score of the mcNOS ranges from 0 (no signs positive) to 13 (all signs positive). Our criteria for test interpretation of the mcNOS are described in APPENDIX B.
Neck Pain and Disability Scale
The NPAD consists of 20 items. 16, 53 Each item has a visual analog scale of 100 mm, with numeric anchors at 0, 1, 2, 3, 4, and 5 (each 20 mm apart). Item scores range from 0 (no pain or activity limitation) to 5 (as much pain as possible or maximal limitation). The total NPAD score ranges from 0 to 100 points. Higher scores indicate greater disability. 16, 53 The NPAD has been shown to be a reliable and valid measure of disability in different languages. 6, 16, 23, 24, 53, 56 Numeric Pain Rating Scale The NPRS is an 11-point rating scale in which 0 is no pain and 10 is the worst pain imaginable. Patients were asked to rate their current pain at the start of the physical examination. The NPRS has been shown to be a reliable and valid measure.
11,38,55

Data Analysis and Interpretation
For each examiner, the mean, standard deviation, and range were calculated for total scores of the mPDS and mc- 39 ICCs of 0.70 or higher were interpreted as acceptable reliability. 46 Interobserver reliability of the mPDS subscales was determined by calculation of the squared weighted kappa. Interobserver agreement of individual mcNOS tests was determined by calculating the percentage of absolute agreement and the Cohen kappa. A kappa value of 0.40 or greater was our criterion for acceptable reliability. 13, 44 An absolute agreement of 80% or greater was also a criterion for acceptable agreement. All 
RESULTS
D
uring the recruitment period, 62 patients were admitted for outpatient rehabilitation. A total of 60 patients fulfilled the requirements for this study. During the waiting period after the first visit, 9 patients decided not to start the rehabilitation program for practical reasons unrelated to the study. Therefore, a complete data set was collected on 51 patients. The clinical characteristics of these patients (mean  SD age, 38.5  10.9 years; 63% female) are presented in 
DISCUSSION
I n the present study, interobserver reliability values of the mPDS and mc-NOS were both deemed acceptable, based on observed ICC values. The interobserver agreement for the individual mcNOS tests ranged from poor to acceptable. Construct validity of the mPDS and mcNOS appeared to be satisfactory and in agreement with expected associations between the mPDS and mcNOS with the NPAD and NPRS.
Observer Differences
Small but statistically significant differences were observed between the first and second examiners in the mPDS and mcNOS. Several explanations for these differences, including both systematic and random differences, may be considered. The first examination might have induced a change in patient behavior, anticipation, or a change in the presence of muscle tension. Pain provoked during the first examination might also have influenced the test outcomes during the second examination. The physical examinations were carried out by 2 experienced clinicians; however, several test-related factors could have influenced the outcomes, including (1) differences in techniques between the examiners, (2) differences in the interpretation of the same tests, despite extensive standardization of test performance and interpretation prior to the study, and (3) different settings of the examinations (the first session was in a hospital and the second session was in a testing laboratory after an average of 20 days). Changes in patient clinical status might also have occurred between sessions due to the waiting period before the start of the rehabilitation program, the different times of the day at which patients were tested, and the random fluctuations in CNP that might have occurred.
Modified PDS
To date, it is unclear which physical test(s) should be used in clinical practice to assess physical impairment of the cervical spine. However, relatively simple and quick methods are preferred. 3 Because pain and movement limitations are frequently mentioned complaints in patients with neck pain, it was relevant to integrate both into subscales 1 and 2 of the mPDS. Subscale 2 consisted of passive ROMs, because these are typically more reliable and provide more objective information than active ROM measurements. 14 The Task Force on Neck Pain and Its Associated Disorders reported that visual estimation of active ROM by clinicians was as reliable as using a measuring device. 32 Other authors have reported that quantification of passive and active neck ROM was more reliable than measuring devices. 12, 54 Because of the observed differences on the mPDS, we analyzed its subscales and found that only subscale 2 showed significant differences. We found interobserver reliability of mPDS subscale 1 to be similar to that observed in a previous study 10 (TABLE 3) . In previous studies using visual estimation methods of measuring cervical passive ROM, substantial levels of interobserver reliability have been reported (kappas ranged from 0.05 to 0.85 in principal directions, and the kappa for all movements together was 0.54). 20, 37 Interobserver reliability of mPDS subscale 3 was somewhat lower compared to that reported in another study. 47 Compared to all patients in Dutch primary care settings, our patients had less physical impairment (mean mPDS, 23% versus PDS, 58%-68%) and reported less pain (mean NPRS, 4.0 versus 5.8-6.8), but showed a higher neck pain-related disability score (mean Neck Disability Index, 43% versus 29%). 21, 23, 25, 38, 50 It is possible that, in our patients, physical impairment played a less dominant role in the biopsychosocial model of disability.
Modified cNOS
We could not compare the prevalence of individual mcNOS tests with that in other neck pain studies, but the prevalence was similar to that of positive NOS tests in pa- [ research report ] tients with chronic low back pain, which have been reported to range from 14% to 49%. 1, 52 Likewise, it was not possible to compare our kappa values for individual mcNOS tests with the kappa values of the developers of the cNOS, because the prevalence of individual positive cNOS tests has not been reported previously. 42 As a result of prevalence dependence of the kappa values, it is possible that low kappa values will be found when prevalence of a positive sign is very high or very low. The mean total score of the mcNOS was 23%, which is lower than the 35% of cNOS reported in patients with chronic whiplash-associated disorder. 48 This difference may be attributed to differences in operationalization of mcNOS, neck pain-related disability, and/or pain intensity in the aforementioned studies.
Construct Validity of the mPDS and mcNOS
Although the mPDS measures constructs other than limited passive/active cervical ROM, the association between the mPDS and NPAD in the present study was in line with previous studies that reported little to fair associations between limited passive/active cervical ROM and self-reported neck disability. 9, 19, 41, 58 The strength of the association between the mPDS and NPRS in the present study was also in line with other studies in which the association between limited passive/active cervical ROM and neck pain ranged from absent to fair. 9, 17, 19, 22, 58 The strength of the association of the mcNOS with disability and pain in this study was similar to that of the association of cNOS with disability and pain in patients with chronic whiplash-associated disorder 48 and to that of NOS with disability and pain in patients with chronic low back pain. 34, 52 Moreover, stronger associations were observed between behavioral signs and self-reported disability than between behavioral signs and physical impairment in this study. Therefore, assessment of the mPDS and mcNOS may offer relevant information in the biopsychosocial assessment of patients with CNP.
Study Limitations
There are some limitations of our research. First, the test-retest interval was relatively long, and a change in clinical status was not measured. In the absence of a gold standard, it is unclear which test should have been used for determining change in clinical status during the retest interval (ie, actual physical impairment, behavioral signs, and/or self-reported disability and pain). All our patients with CNP were re-examined after the waiting period, and in patients with a similar retest interval, no substantial change in neck pain-related disability was observed. 24 Although the constructs of physical impairment and behavioral signs are different from self-reported disability, we assume that the influence of this interval was not substantial. Second, our data were collected in a tertiary rehabilitation setting. Therefore, the results of this study should be interpreted in the light of our specific study population.
Other Considerations
A strength of this study was that a simple instrument (mPDS) was operationalized to help make it suitable for use in daily practice for the estimation of physical impairment. Because the mPDS score observed was substantially lower than that reported in a primary care setting, we expect that the use of the mPDS may not be as beneficial for monitoring overall change in tertiary care as in primary care. 21 Furthermore, a mcNOS was constructed and the prevalence of individual mcNOS tests and the interobserver reliability of mcNOS were reported. Based on what has been reported in patients with back pain, we expect that in a primary care setting, the total score of the mcNOS would be substantially lower. 51 Future studies are warranted to further develop and investigate the interobserver and intraobserver reliability of the mPDS and mcNOS. It would be interesting to investigate whether more intensive training would result in a higher interobserver reliability on subscale 2 of the mPDS. To optimize the mcNOS, the amount of pressure applied during the deep tenderness and axial loading tests should be standardized. Additionally, a more precise operationalization of the regional disturbances and a better definition of overreaction tests are desirable. To test the usefulness of the mcNOS as a screening tool for patients who require more detailed psychosocial assessment, an indepth analysis of relationships between the mcNOS and psychological and social factors would be needed.
CONCLUSION I
nterobserver reliability of both the mPDS and mcNOS was acceptable. Clinicians should interpret the outcomes of the mPDS and mcNOS cautiously, because these may be biased by examiner differences and also by instability in patients' physical impairment and perceived pain and disability. Moreover, relatively low kappa and absolute agreement values of individual mcNOS tests indicate that only the total score of the mcNOS may be important when measuring behavioral signs. Stronger associations were observed between behavioral signs and self-reported disability than between behavioral signs and physical impairment. t
KEY POINTS
FINDINGS: Acceptable interobserver reliability of the mPDS and mcNOS was found when used by experienced clinicians in a sample of patients with chronic neck pain. Relatively low kappa and agreement values of individual mcNOS tests indicate that only the total score of the mcNOS may be important when measuring behavioral signs. IMPLICATIONS: The mcNOS should be considered a clinical screening tool that is more strongly related to self-reported disability than to the mPDS. CAUTION: These findings are based on the outcomes of measurements in a tertiary rehabilitation setting, with younger patients who reported more severe disability than typical patients in primary care settings. 
